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Detection of renal infection by gallium 67 localization: An
experimental evaluation
DOUGLAS ORMROD, THOMAS MILLER and ELAINE STEWART
Department of Medicine, A uckland Hospital, Auckland, New Zealand
Detection of renal infection by gallium 67 localization: An experi-
mental evaluation. Renal uptake of gallium 67 (°7Ga) was in-
vestigated in 132 animals with experimentally induced unilateral
pyelonephritis and 41 animals with thermal injury to one kidney.
The degree of localization of 67Ga in the kidney was determined by
direct counting of the retained isotope, following a bilateral ne-
phrectomy at autopsy. This protocol allowed °7Ga localization to
be correlated with the bacteriologic status of the kidney, as well as
the gross pathologic and histopathologic features of the experi-
mentally induced lesion. There was a good correlation between
increased 87Ga localization and the presence of gross and histo-
pathologic lesions in the kidney of the pyelonephritic animals, but
this was limited to the acute stages of the infection. 6TGa local-
ization was not found in resolving lesions with gross histopatho-
logic and bacteriologic evidence of pyelonephritis, in renal in-
fection without associated pathologic changes, or in renal lesions
due to thermal injury.
Mise en evidence de I'infection rénale au moyen du gallium 67:
Evaluation expérimentale. La captation rénale de gallium 67 a etC
étudiée chez 132 animaux atteints de pyélonephrite unilatCrale
expérimentale et 41 animaux qui avaient subi une lesion thermique
d'un rein. L'importance de l'accumulation de gallium 67 dans le
rein a Cté dCterminée par comptage direct de l'isotope après néph-
rectomie bilatérale. Ce protocole permet decorrCler Ia presence de
gallium 67 a l'état bactCriologique du rein et aux caractCres mac-
roscopiques et microscopiques des lesions expCrimentales. Une
bonne correlation est observée entre Ia localisation du gallium 67 et
Ia presence de lesions macroscopiques et microscopiques de pyélo-
néphrite mais seulement dans les phases aiguës de l'infection.
L'accumulation n'a été observée ni dans les lesions en voie de
guérison, malgré l'existence de signes macroscopiques et micro-
scopiques de pyélonephrite, ni dans les infections rCnales sans
modifications histologiques, ni dans les lesions rénales thermiques.
The provision of direct evidence for renal infection
is a desirable objective in the diagnosis and manage-
ment of infections of the urinary tract, and many
diagnostic procedures have been developed toward
this end. Ureteral catheterization [1] and bladder
washout procedures [2] are typical examples. The
relative invasiveness of these procedures, however, is
a prime factor limiting their routine application.
The uptake of gallium 67 (67Ga) by soft tissue
tumors was first reported by Edwards and Hayes [3],
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and the radionuclide has been widely used since as a
tumor-localizing agent. In addition, it was noted that
67Ga also localized in abscesses, and this has led to its
application in the diagnosis of infections of the lung,
liver, breast, and bone [4—7]. If such noninvasive
procedures were capable of providing reliable infor-
mation as to the site of infection within the urinary
tract, their application could represent a major diag-
nostic advance.
Several clinical investigators have studied the use-
fulness of 67Ga localization as a noninvasive diagnos-
tic aid in renal infection, and recently Hurwitz et a!
[8] have investigated the validity of this technique by
comparing the correlation of 67Ga scan results with
direct, more established, and invasive methods of
localization in patients suspected of having pyelo-
nephritis. The results have been encouraging, but
most workers have agreed that additional studies are
needed before the 67Ga scan can be accepted as a
routine method for the evaluation of urinary tract
infections.
In this report, we document the results of an in-
vestigation in which 67Ga localization in 132 animals
with experimentally induced pyelonephritis and 41
animals with thermal injury to one kidney, as well as
normal control animals, was studied and the results
correlated with the gross, histopathologic, and bac-
teriologic features of the experimentally induced le-
sion.
Methods
Animal strain. Adult, female, Wistar rats from an
outbred colony were used in all experiments.
Bacterial strain. The strain of Escherichia co/i 075
used in these experiments was the same as that used
in previous studies of experimental pyelonephritis
[9—12].
Production of renal infection. A unilateral pyelo-
nephritis was induced by the direct inoculation of E.
co/i at three sites into the surgically exposed left kid-
ney by using a glass microcapillary. Details of the
method have been given previously [13].
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Production of thermal injury. A length of 22-gauge
nichrome wire was heated in a bunsen flame and
immediately plunged into the exposed kidney so that
the point approached the papillary region. This was
repeated at two other sites to produce three separate
areas of thermal burn in each kidney.
Bacterial content of renal tissue, Nutrient agar pour
plates of serial ten-fold dilutions of homogenized kid-
neys were made to obtain the bacterial count per
kidney.
Histologic processing. Tissue for histologic exam-
ination was placed directly into a 0.1% solution of
cetylpyridinium chloride in 10% formaldehyde. After
routine processing and cutting, sections were stained
with haematoxylin and eosin.
67Ga localization and quantitation. A dose of 125
tCi kg-' of carrier-free 67Ga citrate (supplied by New
England Nuclear) was injected i.v, into rats 72 hr
before killing them. At autopsy, both the pyelone-
phritic and the unchallenged contralateral control
kidneys were removed and homogenized in 9 ml of
sterile saline. In those animals from which bacterio-
logic data were obtained, one milliliter of the homo-
genate was removed for bacteriologic examination,
and 6 ml of 3M NaOH was added to the remainder.
The mixture was incubated at 80°C for 20 mm, after
which time 5 ml was removed and counted in an Echo
sodium iodide crystal scintillation counter. In typical
experiments using this procedure, 1,000 to 2,000
countssec' per 5 ml of the digested kidney homog-
enate were found and a minimum of 10,000 counts
per sample recorded. The effect of unilateral renal
infection on 67Ga uptake was expressed by comparing
the radionuclide uptake by the pyelonephritic kidney
with the uptake by the contralateral unmanipulated
kidney, and the result expressed as a percentage. In
all experiments, 67Ga was administered to a group of
control animals whose kidneys were treated in exactly
the same way as described above.
67Ga imaging. Routine scinti-scanning was carried
out using a scintillation camera (Searle Pho/Gamma
IV) to obtain images which were recorded on film
(Polaroid 107). A medium energy-converging col-
limator was employed with an isotope base at 190
Key and 35% window. A total of 50,000 counts were
used to form an image.
Induction of acquiescent infection. We have recently
described a host-parasite relationship leading to the
establishment of active renal infection without asso-
ciated gross or histopathologic changes. This has
been called acquiescent infection [14]. Acquiescent
infection was established in the right kidney of a
group of rats by initially inducing active infection in
the left kidney, after which the animals were left
without further manipulation for eight weeks. During
this interval, vesico-ureteric influx of infected urine
established an acquiescent infection in the contra-
lateral nonmanipulated right kidney.
Results
Pyelonephritis. Details of the experimental model
were determined in conjunction with the 67Ga local-
ization experiments. All of the 72 animals challenged
showed gross pathologic and bacteriologic evidence
of renal infection (Fig I). Histologic changes were
quantitated in a further 31 animals (Table I), and in
most cases all three sites inoculated with E. coli pro-
duced wedge-shaped lesions originating in the me-
U
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Fig. 1. The gross pathologic and bacteriologic features of the pyelo-
nephritic kidney 3, 5, 7, 14, and 28 days after infection. Assessment
of the gross pathologic features was made on a 0 to 10 scale, with
each point on the scale representing one-tenth of the surface area
of the kidney.
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Table 1. Histopathologic assessment of the degree of renal damage and the cellular infiltrate in animal with experimental pyelonephritisa
Days after
challenge
No. of
animals
Degree of
renal
.damag&'
Degree of
mononuclear
infiltration
Percentage of infiltrate Presence of polymorphs
Lymphocytes Monocytes 1nterstitium Castsc
4 7 6.7± I.! 3.7±0.4 47±7 52±7 4.1 ±0.8
7 8 5.5 0.7 5.7 0.6 70 6 30 6 3.7 0.5 4.7 + 0.7
14 8 3.6 0.6 3.6 0.3 44 5 56 + 5 2.8 0.5 4.7 0.7
28 8 4.0 0.5 5.9 0.2 76 4 23 4 2.7 + 0.5 4.1 + 0.6
a All values represent the mean SCM.
bOn the scale used, 10 represented lesions involving 25% or more of the area of the section. Lesser degrees of damage were scored on a 0 to
10 scale, where each unit represented 2.5% of the area of the kidney.
A quantitative 0 to 10 scale was used to make a comparative assessment.
dulla and extending to the cortex. As the infection
progressed, pitted and scarred areas, characteristic of
chronic pyelonephritis, developed (see Reference 14
for photographic representation of gross changes).
All contralateral nonchallenged kidneys from ani-
mals studied up to 14 days were sterile, but acqui-
escent infection was noted in an occasional animal
during the later period of the study. 67Ga localization
data from these animals were included in the results
of the acquiescent infection study. In this series of
experiments, more variation in the gross pathologic
changes were found than were usually encountered,
but the differences were not reflected in the bacterio-
logic data when the number of viable organisms per
kidney were quantitated (Fig 1). Five and seven days
after challenge, 67Ga localization was determined in
23 and 24 animals, respectively, but the gross patho-
logic and bacteriologic status was determined in only
11 and 12 animals in each respective case.
67Ga uptake by pyelonephriiic kidneys. Unilateral
pyelonephritis was induced in 97 animals, which were
killed at intervals from 3 to 28 days after challenge.
Three days prior to death, 125 1sCi. kg-' of °7Ga were
administered i.v. to a group of pyelonephritic animals
and a similar number of unmanipulated control ani-
mals. A marked increase in 67Ga localization by the
pyelonephritic kidney was found in the three groups
examined during the first seven days after challenge
(Fig. 2). Fourteen and 28 days after challenge, how-
ever, there were no significant differences in the 67Ga
Fig. 2. Gallium 67 (67Ga) uptake by the kidneys of pyelonephritic and noninfected control animals.
The uptake by the left kidney was expressed as a percentage of the uptake by the right kidney in
all groups. In the pyelonephritic animals, the left kidney was challenged.
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Time after thermal injury, days
Fig. 4. Gallium 67 (07Ga) uptake by the kidneys of thermally injured and normal control animals.
The uptake by the left kidney was expressed as a percentage of the uptake by the right kidney in
all groups. In the thermally injured animals, the left kidney was thermally injured in all cases.
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391 consistent, considerable variation in the degree of
gross pathologic damage as a result of the challenge
:
was found (Fig. 1). The variation in gross pathology
presented an opportunity to determine the associa-
tion between the extent of the gross changes and the
amount of 67Ga retention by individual kidneys (Fig.
3). A good correlation between the two factors was
: found (r = 0.693, P = 0.01) in animals studied during
the first seven days after challenge, whereas a poor
.
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correlation between the bacteriologic status of the
kidney and the degree of °7Ga retention was evident.
67Ga localization in thermally injured kidneys. The
specificity of the association of 67Ga localization with
an infectious process in the kidney was confirmed in
:
:
experiments where 67Ga retention was studied in the
thermally injured kidneys of 41 animals. Thermal
.
.
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•
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injury produced gross damage comparable to that
observed in the infectious lesion, but no in-
flammatory foci were found on histologic exam-
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•
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Fig. 3. Relationship between the gross pathologic changes and the
degree of gallium 67 (8TGa) retention in the pyelonephritic kidney 3
5, and 7 days after challenge.
localization between pyelonephritic and control ani-
mals, despite continuing infection and obvious gross
scarring in all the pyelonephritic animals (P = 0.1).
Association between gross pathologic changes and
67Ga uptake. Although the bacteriologic status of the
kidneys from individual pyelonephritic rats was very
ination. No localization of 67Ga was found in the
thermally injured kidneys (Fig. 4) and, in fact, signifi-
cantly less 61Ga was retained by the thermally injured
kidneys than the contralateral control kidneys during
the later period of the study (P = <0.01).
67Ga localization in acquiescent infection. Unilateral
pyelonephritis was induced in the left kidney of 36
.
animals, and at autopsy 16 of the right kidneys were
found to be acquiescently infected, i.e., active in-
fection in the absence of pathologic changes (Fig. 5).
It was not possible to exclude microscopic lesions, as
the experimental protocol did not allow for a histo-
pathologic evaluation, but this aspect has been re-
ported previously [14]. The influence of acquiescent
infection on 67Ga localization was assessed by deter-
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mining the degree of radionuclide localization in the
16 acquiescently infected and the 20 sterile kidneys.
No significant differences in the amount of renal lo-
calization of 67Ga in the kidneys from the two groups
could be demonstrated (P > 0.1).
67Ga imaging. Unilateral pyelonephritis was in-
duced in four rats which were studied during the first
week following challenge. 67Ga was injected three
days before being killed, and at autopsy kidneys were
removed for imaging, using a scintillation camera
(Searle Pho/Gamma IV). After imaging and eval-
uation of the pathologic changes, 67Ga localization in
the challenged and nonmanipulated kidneys was de-
termined and the kidneys finally processed for histo-
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Fig. 5. The gross pathology and bacteriologic features of infection in
the pyelonephritic kidney and the contralateral unmanipulated kid-
ney eight weeks after the induction of a unilateral infection in the
pyelonephritic kidney only. The principal feature is that active renal
infection is present in the contralateral unmanipulated kidney (ac-
quiescent infection group only), although the pathologic changes
are minimal.
Table 2. Gallium 67 (°7Ga) localization by direct counting and
scintiscan fling
Gamma
Animal
no.
67Ga
localizationa
%
Degree
gross
pathology5
Histo-
pathologic
assessment°
camera
scintiscan
assessmentd
I 97 1 1.5 0
2 148 4.5 7.5 2
3 141 3 8 2
4 208 6 8 4
a 67Ga cpm/pyelonephritic kidney >< 100
°7Ga cpm/contralateral normal kidney
b Assessment was made on a 0 to 10 scale, with each point on the
scale representing one-tenth of the surface of the kidney.
On the scale used, 10 represented lesions involving 25% or more
of the area of the section. Lesser degrees of damage were scored
on a 0 to 10 scale, where each unit represented 2.5% of the area
of the kidney.
d Comparison was based on visual inspection of scintigraphs and
assessment of the density of the radionuclide localization in pye-
lonephritic and contralateral normal kidneys. A score of 2 indicates
twice the density of radionuclide in the pyelonephritic kidney.
logic examination. The results of this experiment are
shown in Table 2 and Fig. 6. The increasing degree of
gross and histopathologic involvement found in the
four animals studied was associated, as expected,
with an increased retention of 67Ga. The least affected
kidney did not demonstrate increased 67Ga local-
ization by direct counting or gamma camera scan. In
the remaining three animals, however, an increase in
retention of 67Ga by the pyelonephritic kidneys was
readily demonstrated both by direct counting and by
imaging with the gamma camera.
Discussion
The use of °7Ga imaging to localize inflammatory
lesions has been adequately established as a diagnos-
tic procedure in a number of clinical and experimen-
tal infectious diseases. Its prime use has been in the
localization of infections that have been clinically and
roentgenographically difficult to detect.
Because clinical symptoms have proved to be unre-
liable as a guide to the presence and location of
urinary tract infection [151, a number of investigators
have used 67Ga localization as an alternative diagnos-
tic procedure to the comparatively invasive methods
commonly used. Results have been encouraging.
Hurwitz et al [8] reported an accuracy of 86% in
differentiating upper from lower urinary tract in-
fection, and Kessler et al [16] claimed that selective
renal uptake of 67Ga was present in all patients with
overt acute pyelonephritis. The latter study, however,
did not include a group of patients with lower urinary
tract infection alone. Other investigators have been
unable to detect renal infection using this method,
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and the object of this study was to take advantage of
our ability to quantitate gross, histopathologic, and
bacteriologic data obtained from the experimental
model and to correlate this information and the local-
ization of 67Ga in the pyelonephritic kidney. Using
this experimental model, we were able to establish the
potential usefulness of 67Ga as a diagnostic aid and
also define its limitations. There was a good correla-
tion between the presence of gross and histopatho-
logic pyelonephritic lesions in the kidney and in-
creased levels of 67Ga localization, but this was
limited to the acute stages of the disease. Poly-
morphonuclear leucocytes could be demonstrated in
the pyelonephritic kidney for many months following
challenge, and it was anticipated that this would lead
to increased retention of 67Ga in the chronic pyelo-
nephritic lesions. This was not the case, nor was the
precise reason clear. Reduced numbers of poly-
morphonuclear leucocytes, however, were found in
the interstitium after the first week post-challenge,
and their functional capacity may also have been
reduced by this time.
Acquiescent infection (i.e., infection without path-
ologic changes) is a relatively common occurrence in
experimentally induced urinary tract infection, al-
though an equivalent host-parasite relationship in
man has not been described. In our experimental
evaluation of the effect of acquiescent infection on
67Ga localization, we were not able to demonstrate
increased localization in the animals with acquiescent
renal infection. This result is predictable, however, as
pathologic changes in the acquiescently infected kid-
ney were absent or minimal, and 67Ga is believed to
be associated with single membrane electron dense
cytoplasmic lysozomal-like granules in the neutro-
philic infiltrate. Thermal injury, which failed to give
rise to an inflammatory infiltrate, likewise, did not
lead to increased 67Ga localization.
Finally, the validity of the experimental model and
protocol was confirmed in experiments where 67Ga
localization in the kidney was visualized by gamma
camera scintiphoto and correlated with gross patho-
logic, histopathologic, and 67Ga localization data de-
termined by direct counting of the renal tissue.
Increased uptake of 61Ga by the pyelonephritic kid-
ney confirmed the potential value of the 87Ga scan as
a noninvasive procedure in the localization of acute
renal infection with histopathologic changes. The
failure to demonstrate increased localization in
chronic and acquiescent infections was seen as a fac-
tor limiting its widespread use. In the absence of
parallel information in man, direct extrapolation
from these studies to clinical practice must be specu-
lative. The observations, however, do provide a pos-
sible explanation for the situation in which data from
67Ga localization does not correlate with the clinical
assessment.
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Fig. 6. Photoscintograph of the excised kidneys of a rat with unilateral pyelonephritis seven days
after infrction (no. 4 in Table 2). The increased uptake by the left pyelonephritic kidney can be
seen clearly.
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